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Abstract 
Interference screw fixation in Anterior Cruciate Ligament (ACL) reconstruction is a well known surgery to replace the damage or tear 
ligament of ACL with a graft made from tissue from other part of the body. The successive reconstruction and fixation strength is 
dependent on the bone quality and stability of the fixation as there is a potential damage to the graft due to screw threads. In this study, a 
finite element analysis is used to examine the effects of different screw materials in ACL reconstruction. The calculated mechanical 
behaviors are discussed with respect to the primary stability of screw fixation in ACL reconstruction. Three types of bio-absorbable 
materials are considered in the analysis namely poly-lactic acid (PLA), poly-lactic co-glycolic acid (PLGA) and poly-caprolactone (PCL). 
In addition, two metallic biomaterials are also included in the analyses which are titanium alloy and stainless steel. A 200 N tensile force 
is used as the loading condition directed on the interference screws at the femoral and tibial tunnels. It is the approximation of the graft 
tension at full extension during gait (level walking). Result shows that the maximum von-mises stress occurs on the interference screws 
are less than 40 MPa at the femoral and tibial fixation. A screw with stiffer material is identified to experience higher stress variation. The 
total displacement results show that the maximum displacements for all cases are less than 0.06 mm, which are small. The largest 
displacement is defined at less stiff material. 
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Nomenclature 
ACL anterior cruciate ligament 
PLA poly-lactic acid 
PLGA poly-lactic co-glycolic acid 
PCL poly-caprolactone 
ȡ density 
v poisson ratio 
 
1. Introduction 
Stability of knee joint is supported by a pair of extremely strong ligaments. The ligaments are known anterior cruciate 
ligament (ACL) and posterior cruciate ligament (PCL). The primary functions of the ACL are to prevent forward slipping of 
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the lower leg bone, namely tibia and the thigh bone (femur). It is also important to link the rotation of the upper leg to the 
lower leg when twisting and turning movements occur in the knee, and helps to control the small rolling and gliding 
movements that occur in the knee. In other words, the ACL is an important component for normal kinematics of the knee 
joint. Unfortunately, the ACL can damage, or tear, due to hyper-tension movements involving the knee.  
An injury or tear to the ACL can result in significant functional impairment of the knee. It has been estimated that more 
than 100,000 new ACL injuries occur each year [1]. The activities that can cause the ACL to tear are sudden and rapid 
deceleration, sudden change in direction, namely cutting; inappropriate landing styles of the knee such as stiff-legged 
landing and turning or twisting the knee while landing. This injury produces abnormal kinematics of the knee, which may 
leads to symptom of knee instability, particularly during cutting, recurrent injury, damage to the menisci and the articular 
cartilage and ultimately, osteoartrosis. The goal of treatment for an ACL rupture is to prevent the progression of intra-
articular damage by restoring the stability of the knee [2].  
The injury or tear of the ACL can be healed using allograft or autograft. This graft is fixed in the tunnel using screw 
fixation devices. The interference screw approach is quick, familiar and more easy to use compared to other methods of 
fixation. It improves direct bone to healing at the tunnel aperture. Also, it reduces the amount of motion of the graft in the 
tunnels and perhaps produces less tunnels enlargement. However, the preparation of the graft may take longer due to whip 
stitching. The fixation strength also dependent on the bone quality and there is a potential damage to the graft due to screw 
threads. 
This study examines the effects of different materials of interference screw on the stress distribution and total 
displacement. Three thermoplastic and bio-absorbable materials are considered in the finite element analysis namely poly-
lactic acid (PLA), poly-(lactic co-glycolic acid) (PLGA) and poly-caprolactone (PCL). In addition, two metallic 
biomaterials are included in the analyses which are titanium alloy and stainless steel. The mechanical behaviors calculated 
are discussed with respect to the primary stability of screw fixation in ACL reconstruction.  
2. Finite Element Model 
Finite element (FE) model of the interference screw and Anterior Cruciate Ligament (ACL) reconstruction are remodeled 
and examined for the biomechanics responses to physiological loading activity. The 3D models are developed and analysed 
using commercial CAD and FEA software which illustrated in Fig. 1 and Fig. 2. While, details of the selected interference 
screw are described in Table 1. 
(a)     (b)  
Fig. 1. Development of 3D modeling of (a) distal femur and (b) proximal tibia.  
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(a)     (b)  
Fig. 2. Illustration of (a) 3D model of interference screw and (b) description of screw parameters. 
Table 1. Descriptions of selected interference screw 
 Parameter Length/Size 
A Length (mm) 20.0 
B 
C 
Major Diameter (mm) 
Minor Diameter (mm) 
8.0 
5.13 
D 
E 
F 
Pitch (Thread per inch) 
Thread Entrance Angle (degree) 
Thread Second Angle (degree) 
10 
30 
15 
2.1. Materials Properties 
The distal femur and proximal tibia is assumed to consist of cortical bone or hard shell only. The material properties of 
the respective models are shown in Table 2 [2-3]. All materials are assumed to behave elastically throughout the loading. 
Table 2. Mechanical property of materials used in FE model 
Material Elastic Moduli (MPa) Poisson Ratio 
Cortical bone 13400 0.28 
Poly-lactic acid (PLA) 
Poly-lactic co-glycolic acid  (PLGA)  
1813 
1200 
0.45 
0.33 
Poly-caprolactone (PCL)  
Titanium Alloy 
Stainless Steel 
2100 
96000 
169300 
0.30 
0.36 
0.31 
2.2.  Loading & Boundary Conditions 
Fixation between bone tunnel and interference screw are assumed to be perfectly bonded and no sliding or separation 
between faces and edges is allowed. The surface interaction definition allows a contact generation of a contact pressure field 
at the tunnels area. A tensile load of 200 N is applied at the tunnels and interference screw fixation as illustrated in Fig. 3. 
The loading applied approximates the graft tension at full extension of the knee during gait or level walking [4].  While, 
upper part of distal femur and lower part of proximal tibia model are considered as fixed support.  
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(a)     (b)  
Fig. 3. Loading and boundary support of (a) distal femur and (b) proximal tibia for ACL reconstruction. 
3. Result & Discussion 
Results of the finite element (FE) analysis are presented and discussed in terms of stress distribution and total 
displacement. Variations of the findings are focused on the interference screws fixation at distal femur and proximal tibia.  
3.1. Stress Variation in Distal Femur and Proximal Tibia 
Variations of stress distribution in interference screws are discussed for different materials as shown in Fig. 4 and Fig. 5 
for distal femur and proximal tibia, respectively. FE analysis at distal femur shows that the interference screw of stainless 
steel experienced the highest stress at 37.79 MPa while PLA is the lowest at 4.39 MPa for distal femur. The findings for 
screws with other bio-absorbable materials (PLGA and PCL) also remain lower at about 6.70 MPa as compared to screws 
with titanium alloy (23.13 MPa). The stress variations of the screws are differed between bio-absorbable and metallic 
biomaterial. Similar trends are also defined for the screw fixation at proximal tibia. The highest maximum value of von 
mises stress is developed by stainless steel screws at 9.56 MPa, titanium alloy at 7.6 MPa, and followed by PLA, PLGA, 
and PCL at 4.30 MPa, 4.37 MPa, and 4.38 MPa, respectively.  
Insertion of the interference screw into the bone will contribute to composite system where the stiffer material will 
sustain greater load [5]. The placement of the screw which is much stiffer from the bone will take the greater part of the 
load, as what can be defined in metallic biomaterial screws. Therefore, the stress variation is found high in the respective 
materials. In contrast, the bio-absorbable materials with less stiffer than the bone are experienced lower stress. 
 (a)  (b)  (c)           
(d)  (e)  
Fig. 4. Illustration of screw fixation at distal femur with different materials (a) PLA, (b) PLGA, (c) PCL, (d) titanium alloy and (d) stainless steel. 
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(a)  (b)  (c)                       
(d)  (e)  
Fig. 5. Illustration of screw fixation at proximal tibia with different materials (a) PLA, (b) PLGA, (c) PCL, (d) titanium alloy and (d) stainless steel. 
3.2. Total Displacement of the Interference Screw Fixation  
Primary stability of ACL reconstruction is predicted through the displacement of the interference screw fixation. Fig. 6 
shows an example of the findings for interference screw with PLGA material in (a) distal femur and (b) proximal tibia. 
While, Table 3 shows the comparisons of total displacement of different materials of the screw. Interference screw with 
PLGA material is defined in largest displacement (5.470 x 10-2 mm) while stainless steel the lowest at 5.280 x 10-2 mm at 
distal femur region. The similar trends occurred at proximal tibia region with 3.030 x 10-2 mm and 1.770 x 10-2 mm for 
PLGA and stainless steel, respectively. The findings show that the bio-absorbable materials which also composed of less 
stiffer materials experienced lower displacement as compare to metallic biomaterials and lead to primary stability of the 
fixation.  
(a)     (b)  
Fig. 6. Examples of ACL reconstruction with PLGA interference screw at (a) distal femur and (b) proximal tibia. 
Table 3. Comparisons of maximum displacement in interference screw fixations with different materials (x10-2 mm) 
Interference Screw Material Distal Femur Proximal Tibia 
Poly-lactic acid (PLA) 
Poly-lactic co-glycolic acid  (PLGA)  
5.470 
5.912 
2.260 
3.030 
Poly-caprolactone (PCL)  
Titanium Alloy 
Stainless Steel 
5.480 
5.290 
5.280 
2.390 
1.780 
1.770 
   
The findings show that bio-absorbable screws could provide reliable and sufficient fixation strength of the graft, as 
compared with standard metallic screws [6]. Bio-compatibility or bio-absorbable materials are the best choice in terms of 
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less stress value developed in them. Also, they will naturally undergone hydrolysis in the body to produce the original 
monomers, lactic acid and glycolic acid, and hence gave rise to very minimal systemic toxicity [7]. As for the metallic 
biomaterials, they do not corrode and do not release harmful toxins when exposed to body fluids and therefore can be left 
inside the body for a long period of time. But, much larger hardness and stiffness compared to the bone and possibility of 
interfering with the regrowth and remodelling of the bone [8]. Yet, possibility of second operation maybe higher compared 
to the used of bio-absorbable materials. 
4. Conclusion 
Proper stress distribution and total displacement at the interference screw fixation will enhance the primary stability of 
the anterior cruciate ligament reconstruction. Maximum von-mises stress occurs on the interference screws are less than 40 
MPa at the femoral and tibial fixation. Maximum von-mises stress occurs at the tunnels are less less than 3 MPa at the 
femoral and tibial, which are very less compare to bone yield strength (182 MPa). Maximum deformations of the screws are 
less than 0.06 mm, which are too small. It can be concluded that interference screws using the different selected of materials 
are capable to fix the graft in the tunnels. 
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